Aims The clinical relevance of diabetes-distress is increasingly recognized, but little is known about the efficacy of interventions specifically targeted to treat elevated diabetes-distress. Therefore, this systematic review sought to determine the efficacy of psychological interventions aimed at treating elevated diabetes-distress in people with Type 1 or Type 2 diabetes.
Introduction
Research has repeatedly demonstrated elevated levels of nonspecific emotional distress (depression, anxiety) in people with Type 1 and Type 2 diabetes compared with the general population, negatively affecting quality of life and health outcomes [1] [2] [3] [4] . Next to depression and anxiety, diabetesspecific distress, also called diabetes-distress, has received much attention and has been shown to be prevalent among people with diabetes [5, 6] . Diabetes-distress is conceptually distinct from depression and refers to the often-hidden fears, worries and frustrations that people experience while living with and managing diabetes on a daily basis. Interestingly, diabetes-distress appears to be more closely linked to glycaemic control than depression [7, 8] and thus is a target for interventions that could help improve well-being as well as glycaemic control. However, there is uncertainty over which interventions are most efficacious and for whom.
As shown in the multinational MIND study, intervening on diabetes-distress could be as simple as screening and discussing the outcomes [9] . A recent systematic review and metaanalysis revealed that psycho-education was significantly
Correspondence to: Charlotte B. Schmidt. E-mail: c.schmidt@olvg.nl ª 2018 Diabetes UK associated with reduced diabetes-distress at follow-up in people with Type 1 and Type 2 diabetes, with an effect size of 0.21; other types of interventions did not improve diabetesdistress [10] . Surprisingly, in 36 of the 41 included studies in that review, diabetes-distress was a secondary outcome, and in most studies diabetes-distress was below the clinically meaningful cut-off. This also applies to the recent Cochrane review by Chew et al. [11] , who investigated the effect of psychological interventions on diabetes-distress in people with Type 2 diabetes (effect size 0.07-0.10). In 24 of the 30 included studies diabetes-distress was either a secondary outcome or was not measured at all, and only seven of the included studies reported elevated diabetes-distress at baseline [11] . For reasons that are not clear, only 10 studies were included in the pooled metaanalysis. Only post-intervention measures were analysed, although baseline severity is known to be an important effect modifier in meta-analyses of mental health trials [12] . We aim to address these shortcomings in our review and focus on intervention studies with diabetes-distress as the primary outcome and targeting people with diabetes with elevated levels of diabetes-distress, following the recommendation of both Sturt et al. [10] and Chew et al. [11] . Harkness et al. [13] showed that psychological interventions were effective in reducing mental health problems in patients with diabetes, in comparison with lifestyle interventions and education. In the REDEEM trial, Fisher et al. [14] opted for diabetes-distress specific interventions for people with elevated diabetesdistress. Because we presumed a limited number of articles reporting on a diabetes-distress specific intervention, we decided to focus on a slightly broader spectrum: psychological interventions with diabetes-distress as the primary outcome.
This systematic review and meta-analysis identifies the efficacy of psychological interventions with diabetes-distress as a primary outcome, in people with Type 1 and Type 2 diabetes with elevated diabetes-distress. Based on research to date, we postulate that these interventions will result in lower diabetes-distress and are accompanied by a lowering of HbA 1c .
Methods

Protocol and registration
A protocol of this systematic review is available from the PROSPERO database (registration ID: CRD42017075290).
Inclusion criteria
Articles were included if they described randomized controlled trials (RCTs) in adults (≥ 18 years old) with diabetes, written in any language with an English abstract. Only articles describing the results of a psychological intervention were included, defined as a collaborative treatment or therapy that is based on evidence from psychology research and is aimed to alleviate a mental health problem or disorder, in this case elevated diabetes-distress. By collaborative, we mean that the participant in the intervention is not a passive recipient or listener (e.g. diabetes education) but has an active role in collaboration with the therapist. Examples of established psychological treatments are mindfulness, cognitive behavioural therapy (CBT) and problem-solving therapy. Interventions consisting of pure education with the participant as a passive recipient were thus excluded (diabetes-self management education, health education, diabetes education and patient education), whereas those combining education with some form of collaborative treatment were included (e.g. education combined with problemsolving therapy or mindfulness).
In order to meet the inclusion criteria, diabetes-distress should be (one of the) primary outcome(s) measured by either Problem Areas in Diabetes Scale (PAID-5 or PAID-20) or the Diabetes Distress Scale (DDS-17). Finally, mean group diabetes-distress should be above cut-off at baseline for the experimental and/or control group, or results should be available of a subgroup with diabetes-distress above cut-off at baseline (PAID-5 ≥ 8 [15] , PAID-20 ≥ 40 [16] , DDS-17 ≥ 3 [17] ).
Search strategy
We systematically searched literature from the following five databases: PubMed, Embase, PsycINFO, Cochrane Library and CINAHL, without a year of publication restriction. In addition, references in the included articles were inspected. The literature search was performed in consultation with an information specialist. Because the literature search in Sturt et al. [10] included depression as well as diabetes-distress, the search in Chew et al. [11] was targeted specifically at RCTs, and neither review a search in PubMed, we decided to develop an independent search strategy. The search was aimed at diabetes-distress in general, to ensure that no potential articles of interest were missed. A preliminary search was performed on 1 June 2016 and the final search What's new?
• The clinical relevance of diabetes-distress is increasingly recognized.
• This is the first review to investigate the effect of psychological interventions targeting elevated diabetesdistress.
• There was a stable medium-sized effect on diabetesdistress (Cohen's d ≥ 0.45).
• In contrast to mindfulness-based interventions, diabetes-tailored interventions improved HbA 1c (Cohen's d = 0.57).
• These findings suggest combined glycaemic and mental health benefits of psychological treatment of elevated diabetes-distress.
was performed on 23 August 2017. The complete search strategy is shown in Appendix S1.
Study selection and data extraction
Rayyan was used to select articles [18] . Four reviewers (CS, AV, BJPvL and AH) identified potential articles of interest by screening for title and abstract. Discrepancies were resolved by discussion. Authors of potential articles of interest were contacted by e-mail if additional information was required. Data (diabetes-distress scores, HbA 1c levels) were extracted by one review author and a random 10% sample was independently extracted by a second author.
Data analysis
One review author assessed the risk of bias in included studies by use of the Cochrane Collaboration's tool for assessing risk of bias. A 10% sample of included studies was independently assessed by a second author. Because heterogeneity was expected in the included studies, random-effects meta-analysis was performed using R-studio and packages metafor, hetmeta and forestplot. Heterogeneity was assessed by a chi-squared test and the I² statistic and its 95% confidence intervals (CI), following the recommendation by von Hippel [19] . Confidence intervals of I² were calculated using the formulae provided by Thorlund et al. [20] and Higgins and Thompson [21] .
To control for baseline differences in diabetes-distress score, pre-post effect sizes (Cohen's d) and 95% CIs were calculated. An effect size of 0.2 is a small effect, 0.4 is a medium effect and 0.7 is a large effect [22] . Risk of publication bias was determined based on visual inspection of a funnel plot. When appropriate, a sensitivity analysis was carried out by removing studies with a high risk of bias. HbA 1c was assessed as other outcome.
Results
The search yielded 8907 articles (Fig. 1) . After removing 2800 duplicates, 6107 articles remained. The titles and abstracts of these articles were screened, leaving 394 potential articles of interest. After reading the full texts, 27 articles were excluded because diabetes-distress was not measured at all and 153 articles were removed because diabetes-distress was a secondary outcome. Sixty-five articles were removed because the intervention was not psychological. Most of these interventions were insulin and self-monitoring of blood glucose interventions. Eighteen were protocol descriptions, 41 were cross-sectional studies with no intervention, 5 did not include adults, 2 used the PAID-1/DDS-2, 32 were not scientific articles (mostly conference papers) and 13 were duplicate data.
Twenty-six authors were contacted for additional information of whom 11 responded. Three of these authors provided additional information on the people that scored above cut-off, the other eight articles were excluded because there was no such information available or because they did not meet the criteria of inclusion. Reasons for exclusion were as follows. The study by Browne et al. [23] was not designed with diabetes-distress as the primary outcome. Snoek et al. [9] conducted an observational study, and not an RCT. Diabetes-distress was a secondary outcome in Wilson et al. [24] and Manoel Imazu et al. [25] . Hansen et al. [26] did not report the results of an RCT. Data from people with scores above cut-off were not available in Lamers et al. [27] or Kasteleyn et al. [28] . Additional data from Fisher et al. [14] were not available in time for this review. The total number of articles describing a psychological intervention with diabetes-distress as a primary outcome was 15. One was a non-randomized controlled trial and five others were prepost tests without a control group. Nine were RCTs and were included.
Study characteristics
The nine included studies are described in Table 1 . Two RCTs [29, 30] were included in the meta-analysis by Sturt et al. [10] , one of these [29] was also included in the metaanalysis by Chew et al. [11] . The RCTs were undertaken in five countries: New-Zealand (1), USA (2), the Netherlands (3), Australia (2) and South Korea (1). Diabetes-distress was measured using the PAID-20 in five studies, PAID-5 in one study and DDS-17 in three studies. Six studies included an intervention with group sessions and three included individual sessions. Content categories were distributed as follows: one study used problem-solving therapy, four studies used mindfulness-based therapy, two CBT, one used a combination of mindfulness and CBT, and one motivational interviewing. We distinguished between diabetes-tailored interventions and generic interventions. Diabetes-tailored interventions are specifically designed for people with diabetes, addressing disease and treatment specific issues. Generic interventions have usually been developed for people with emotional problems in the general population and are not tailored to a specific patient group, in this case people with diabetes. Two of the included interventions were tailored to diabetes, of which one was specifically aimed at lowering diabetes-distress; seven were not tailored to diabetes. Ethnicity was reported in three studies, and not in the other six. Four studies consisted of a mixed Type 1/Type 2 diabetes population, four included only people with Type 2 diabetes and only one study exclusively included people with Type 1 diabetes.
Study results
As described in Table 1 , van Son et al. [30] investigated the effect of mindfulness-based cognitive therapy (MBCT) on multiple primary outcomes including diabetes-distress.
ª 2018 Diabetes UK People with Type 1 and Type 2 diabetes were both included. Only a subgroup reported above cut-off diabetes-distress (n = 33 in both groups). For this subgroup, there was a decrease in diabetes-distress in MBCT compared with care as usual. In the MBCT condition, the PAID score decreased from 51.3 (8.7) to 35.3 (20.2) . Mean PAID decreased from 52.5 (12.2) to 49.2 (17.0) in the care as usual condition. Diabetes-distress was significantly more decreased in the MBCT group than in the care as usual group (P = 0.01, d = 0.70, CI 0.19 to 1.21).
Whittemore et al. [29] compared a nurse-coaching intervention based on motivational interviewing and self-help education with care as usual in people with Type 2 diabetes. They assessed multiple primary outcomes, in which mean baseline diabetes-distress was higher for the treatment group than for care as usual (PAID-20 59.9 vs. 42.3). After 6 months, diabetesdistress decreased more in the treatment group than in the care as usual group (59.9 to 46.0, compared with 42.9 to 42.6, F = 7.5, P = 0.01).
In a pilot study, Schroevers et al. [31] compared individual mindfulness-based cognitive therapy (I-MBCT) with care as usual in people with Type 1 and Type 2 diabetes. They assessed two primary outcomes: depressive symptoms and diabetes-distress, and included only people with elevated depressive symptoms and/or elevated diabetes-distress. The baseline PAID score for the control group was just below cutoff (39.0), whereas the baseline score for the I-MBCT group was above cut-off (41.6). After 3 months, the PAID score in the I-MBCT group significantly decreased more than that in the control group: 41.6 (15. Friis et al. [32] investigated the effect of a mindful selfcompassion intervention in comparison with care as usual in people with both Type 1 and Type 2 diabetes. Multiple primary outcomes were assessed, including diabetes-distress. The mean baseline DDS score was below cut-off for the control group and above cut-off for the treatment group. There was an intervention effect on diabetes-distress. Diabetes-distress declined more in the intervention group than in (20.8) . In the BGAT group, PAID scores declined from 46.6 (18.0) to 43.1 (17.6); time effect in both groups P < 0.01. The comparison between the two treatments was non-significant, i.e. they both had a similar effect on diabetes-distress [b (SE) À0.74 (2.79), P = 0.79].
Only Rees et al. [34] investigated the effect of a psychological intervention specifically aimed at reducing diabetesdistress, compared with care as usual. This Australian study included people with Type 2 diabetes with retinopathy and at least moderate diabetes-distress (DDS ≥ 2). The intervention (problem-solving therapy group in people with diabetes, PST-D) was focused on problems specifically related to diabetes and diabetic retinopathy. It consisted of up to eight individual sessions (45-60 min) in person or via telephone. Problems related to diabetes and its complications were identified by discussing the DDS scores and by composing a list of diabetes problems across all life domains. In all sessions, the participant chose a specific diabetes-related problem to work on. Mean (SD) DDS declined from 2.9 (0.8) to 2.2 (1.1) at 6 months follow-up in the PST-D group. DDS declined from 2.7 (0.6) to 2.5 (0.8), in the control group, group effect P = 0.427. DDS regimen-related distress also declined in both groups: in the PST-D group regimen-related diabetes-distress declined from 3.0 (1.4) to 2.1 (1.1). In the control group, regimen-related diabetes-distress declined from 3.0 (1.0) to 2.6 (0.9), group effect: P = 0.175. There was no significant difference in DDS decline in the two groups.
Newby et al. [35] compared an internet-based cognitive behavioural therapy (iCBT) with care as usual as usual in Australian residents with Type 1 or Type 2 diabetes. Multiple primary outcomes were assessed. Only people with major depressive disorder were included, according to a telephone-administered diagnostic interview. Participants completed six web-based lessons teaching cognitive behaviour skills. Diabetes-distress was significantly more reduced in the iCBT group than in the care as usual group: PAID declined in the iCBT condition from 45.7 (21.5) to 28.0 (19.6), PAID declined from46.9 (21.3) to 41.6 (20.8) in the care as usual condition, F = 10.32, P < 0.001.
Wagner et al. [36] studied a low-income Type 2 diabetes Hispanic population in the USA, comparing diabetes education (DE, control) with diabetes education + stress management (DE+SM, intervention). All sessions were conducted in Spanish and delivered by the same community health worker. It was based on a combination of cognitive therapy and training in self-management. No difference in diabetesdistress scores was observed between the intervention and control group at follow-up. In the DE+SM condition diabetes-distress declined from 7.9 (6.7) to 6.3 (6.0), in the DE condition diabetes-distress declined from 8.1 (6.3) to 7.4 (6.7), P = 0.41.
Jung et al. [37] investigated the effect of treatment on diabetes-distress and multiple other primary outcomes in South Koreans with Type 2 diabetes. Three conditions were compared, including Korean mindfulness-based stress reduction (K-MBSR, intervention), walking and patient education. All groups were provided with patient group education. In addition, K-MBSR consisted of an 8-week group mindfulness programme. The walking condition encouraged participants to walk using a specific technique, three or four times a week. There was no difference in diabetes-distress decline between the groups at follow up. In the K-MBSR condition diabetesdistress remained the same from 3.2 (0.8) to 3.2 (0.7). In the walking condition diabetes-distress declined from 2.9 (0.9) to 2.7 (1.2), and in the education condition diabetes-distress decreased from 3.3 (0.7) to 3.5 (0.8), F = 0.88, P = 0.42 (time 9 group effects). In order to pool the results, only education was used as a control group for the purpose of a meta-analysis.
Risk of bias
The Cochrane risk of bias tool (Table 2 ) was used to assess the possible risk of bias of the included studies. '+' indicated no risk of bias, 'À' refers to a risk of bias. According to Table 2 , there were three studies with a high risk of bias (four 'À') and five studies with a medium risk of bias (at least two 'À').
Because of the small number of studies in the funnel plot (Fig. 2) it is difficult to draw firm conclusions with respect to publication bias. It is not possible to rule out the risk of publication bias, as one would expect a study in the lower left corner. It might be that such a study is not published because of the small sample size and the negative effect size. The study by Schroevers et al. [31] (lower right corner) was excluded in sensitivity analyses to control for effect overestimation.
Random effects meta-analysis
The results of a random-effects meta-analysis are shown in Fig. 3 . The pooled effect size of psychological interventions on diabetes-distress was 0.48 (Cohen's d), Z = 3.91, P < 0.0001. Statistical heterogeneity was I² = 46.67% (CI 45.06% to 48.28%), s² = 0.25, v² = 15.41, P = 0.052.
Sensitivity analysis was carried out to determine the effect size when studies with the largest risk of bias were excluded. According to the Cochrane risk of bias tool (Table 2) , the studies by Whittemore et al. [29] , Schroevers et al. [31] and Jung et al. [37] were excluded in the BGAT, blood glucose awareness training; CAU, care as usual; CBGT, cognitive behavioural group therapy; DDS, Diabetes Distress Scale; iCBT, internet cognitive behavioural therapy; K-MBSR, Korean mindfulness-based stress reduction; MBCT, mindfulness-based cognitive therapy; PAID, Problem Areas in Diabetes questionnaire.
sensitivity analysis shown in Fig. 4 . The pooled effect size with these studies removed was 0.45 (Cohen's d), Z = 3.28, P = 0.001. Statistical heterogeneity was I² = 45.38% (CI 43.15% to 47.61%), s² = 0.22, v² = 9.06, P = 0.11. This suggests that the biased studies did not explain the effect size reported in Fig. 3 , and that there was a stable medium effect of psychological interventions on diabetes-distress.
Other outcomes
There was a non-significant decrease in Because the decrease in HbA 1c seemed to differ between intervention types, we performed two additional post-hoc meta-analyses with mindfulness-based interventions and diabetes-tailored psychological interventions. General mindfulness-based interventions had a non-significant effect on lowering HbA 1c (k = 4), Cohen's d = 0.11 (CI À0.23 to 0.45), P = 0.53, I² = 47% (CI 0% to 95.88%), s² = 0.06, v² = 5.61, P = 0.13.
A second post-hoc analysis was carried out with diabetestailored interventions [33, 34] , which seemed to significantly reduce HbA 1c levels (k = 2), Cohen's d = 0.57 (CI 0.18 to 0.95), Z = 2.88, P = 0.004, I² = 0% (CI 0% to 65.61%), v² = 0.37, P = 0.54. Despite the small study numbers, the effect on HbA 1c seemed to differ between intervention types: a significant decrease in HbA 1c was obtained by diabetestailored interventions, in contrast to general mindfulnessbased interventions. 
Discussion
It would appear that this is the first systematic review of RCTs aimed to decrease diabetes-distress in people with Type 1 and Type 2 diabetes and elevated diabetes-distress. Only nine studies were eligible for inclusion, showing that while diabetes-distress is an increasingly important research topic in people with diabetes, intervention studies are still scarce.
Based on the findings, it can be concluded that elevated diabetes-distress is responsive to psychological treatment, as hypothesized and a medium size effect was found (d ≥ 0.45), even after excluding the studies with the largest risk of bias.
These results differ from the findings reported by Sturt et al. [10] , who found a small effect (d = 0.21) of psychoeducation on diabetes-distress and no effect of psychological interventions, and Chew et al. [11] who reported a small effect (d = 0.07) of psychological interventions on diabetesdistress. Most likely the difference is explained by the fact that mean diabetes-distress was below cut-off in most of their included studies, and both meta-analyses did not account for baseline differences.
It was observed that HbA 1c only declined in response to diabetes-tailored interventions (d = 0.57), not in response to generic interventions. It seems important to address diabetesspecific issues in order to have an impact on glycaemic control. This is in line with the narrative review from Berry et al. [38] , who reported no effect on HbA 1c in interventions focusing on depression, in contrast to interventions focusing on diabetes-distress. This concurs with the finding that diabetes-distress mediates the relationship between depressive symptoms and glycaemic control [7, 8] .
The decision was made to review studies including people with Type 1 and Type 2 diabetes, with a view on generalizability of the results. However, the small number of studies makes it impossible to draw conclusions on potentially differential effects of the interventions for both disease types.
Based upon other literature it is probable that, although partly overlapping, treatment of diabetes-distress needs to be tailored to specific treatment-and age-related problem areas experienced by people with Type 1 and Type 2 diabetes to achieve optimal results. A recent study found, for example, that people with Type 2 diabetes reported more regimenrelated distress than people with Type 1 diabetes (e.g. 'Feeling that I am not testing my blood sugars frequently enough', 'Feeling that I am failing with my diabetes') [39] . People with Type 1 diabetes may experience more worries about hypoglycaemia and frustration around 'unexplainable' blood glucose excursions [40] . Further research is needed to elucidate relevant differences between distress interventions for Type 1 and Type 2 diabetes.
Strengths of this review include the thorough search strategy and the number of full texts that were assessed. However, this review has some limitations. First, the developers of the DDS have reported on clinically meaningful cut-off points [17] and suggest three groups rather than a dichotomy (low/high): low (< 2), moderate (2.0-2.9) and high (≥ 3). A dichotomy was chosen, with a DDS score of ≥ 3 as a cut-off, to allow comparison with the PAID. It is acknowledged that the middle DDS group may profit from a diabetes-distress intervention, a topic that warrants further research. Second, most studies had a relatively small sample size, and were probably not sufficiently powered to detect a significant change in diabetes-distress. For instance, Rees et al. [34] calculated a power of only 12% to detect a difference in diabetes-distress in a posthoc power analysis. These power problems are associated with a risk of inflated effect sizes [41] . Because most included studies consisted of small samples, this may have led to exaggerated effect sizes and thus biased results. Third, all but one of the included RCTs had more than one primary outcome, complicating the interpretation. However, the sensitivity analysis excluding the three studies with the largest risk of bias resulted in the same effect size. It is believed that there is a strong need for more methodologically sound studies with diabetesdistress as the only primary outcome to evaluate the full potential of psychological treatments targeted at reducing elevated diabetes-distress.
In conclusion, diabetes-distress is responsive to psychological treatment in people with Type 1 and Type 2 diabetes with a medium effect size. Diabetes-tailored interventions are most likely to improve both diabetes-distress and glycaemic control. Implementing such interventions in clinical practice could help to simultaneously address two prevalent problems in people with diabetes. 
